The age old paradigm of quantitative structure-activity relationship (QSAR) is the congenericity principle which states that similar structures usually have similar properties. But these days a lot of large and structurally diverse data sets of chemicals with the same experimental data (dependent variable) are available. Starting with the same classes of descriptors we extracted the two subsets of the most significant predictors for the formulation of QSARs for two sets of chemicals: A homogeneous set of 95 amine mutagens and a diverse set of 508 structurally diverse mutagens. The predictors included calculated topostructural (TS), topochemical (TC), geometrical, and quantum chemical (QC) indices. Whereas for the homogeneous amines, a small group of descriptors were sufficient for QSAR development, for the 508 diverse set we needed a large and diverse set of indices for effective QSAR formulation. This empirical study thus vindicates the DIVERSITY BEGETS DIVERSITY paradigm of QSAR.
Introduction
Quantitative structure-activity relationships (QSARs) pertaining to the prediction of physicochemical, pharmacological, and toxicological properties of chemicals are mathematical models developed for the prediction of properties of chemicals from their physical properties or structural descriptors [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The basic idea underlying QSAR development can be conveniently expressed by the following equation: P = f (S) ………….. Eq. 1 where P is any physical, biological, medicinal or toxicological property of interest and S represents the relevant aspect of the structure that determines the property. A look at the recently published literature would show that various classes of calculated properties, viz., topological, geometrical, quantum chemical, substructural, are used routinely in QSAR formulation [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
A perusal of QSAR literature would indicate that in many cases QSARs are developed based on properties of a set of structurally related molecules. This is based on the "congenericity principle" or the "structure-property similarity principle" which states that similar structures usually have similar properties [11] . But in many practical situations one has to develop models for the prediction of property/ bioactivity of sets of chemicals which are structurally diverse instead of being homogeneous [12] . In the course of carrying out principal components analysis (PCA) of homogeneous and diverse data sets, Basak et al [13, 14] noted that a larger number of PCs are required to explain an analogous percentage of variance for diverse data sets as compared to homogeneous collection of molecules. From such QSAR studies Basak [15] formulated the "diversity begets diversity principle," which states that we need a diverse collection of descriptors independent variables) if we want to develop a QSAR for structurally diverse sets of chemicals. We have tested this hypothesis using two data sets: a) Mutagenicity of a homogeneous set of 95 aromatic and heteroaromatic amines, and b) Mutagenic activity of a large diverse set of 508 chemicals.
Results and Discussion
The results of QSAR based on the 95 aromatic amine mutagens [16] and 508 diverse mutagens [17] are shown in Table 1 based on calculated  descriptors described in Table 2 . After QSAR development of the two sets of mutagens, one congeneric and the other structurally diverse, we sorted the descriptors based on their significance as measured by [t] values which are given in Table  3 . As evident from data in Table 3 , for the set of congeneric mutagens, only seven molecular descriptors of limited class diversity were sufficient to give a reasonably good QSAR. Starting from the same set of calculated descriptors (Table 2) , the significant descriptors for the 508 diverse mutagens needed 42 descriptors for good QSAR development. Whereas the indices needed for 95 amines fall into some narrow classes, those needed for 508 chemical set need not only higher number of descriptors, but also heterogeneous types of descriptors. For example, the diverse set of mutagens needed triplet indices (ASV1), information theoretic indices of neighborhood complexity (IC, SIC, CIC indices of different orders), and the quantum chemical descriptors (HOMO, LUMO) which were not selected for the congeneric amine data set. This supports the http://sciforum.net/conference/mol2net-1 dichotomy in the QSAR paradigms: Congenericity principle for congeneric data set and diversity begets diversity principle for structurally diverse situations. The algorithm is then repeated with selected predictors, and terminated when 90% of total number of samples is covered by the largest heterogeneous group, or maximum number of iterations reached. This is done because through the algorithm the functional groups become more and more similar, so sample classifications using them become more and more similar, thus http://sciforum.net/conference/mol2net-1 heterogeneous groups cover an increasing proportion of total number of samples.
To tackle high collinearity among different predictors, after variable selection through ITC we use ridge regression to build the predictive models. Given n samples and p variables, the n × p data matrix of predictors X and n × 1 vector of 0/1 responses Y, the vector of coefficients obtained by ridge regression is defined as:
Where k > 0 is the ridge constant, chosen by crossvalidation.
Conclusions
The aim of research in this paper was to test the hypothesis that congeneric data sets need a structurally narrow set of descriptors for QSAR formulation as compared to diverse sets which require diverse collection of independent variables for model building. The results derived from two data sets, viz. a congeneric set of 95 amines and a diverse set of 508 structurally diverse mutagens appear to support the "diversity begets diversity" hypothesis. Further QSAR studies on other congeneric and diverse data sets are necessary to test the validity of this hypothesis.
